The long-term goals of our research team are twofold: 1. To develop a suite of objective intensity estimation tools that are based on remote sensing data and multiparameter spatiotemporal analysis tools. 2. To understand the physical mechanisms giving rise to the observable signatures that are used for forecasting.
regular non-developing cloud clusters. The point of reference was chosen by calculating the variance of the distribution of the deviation angles for every point in the scene ). Fig. 1c shows an example of the map of variances. Selecting the minimum DAV in the maps produces a suboptimal value in dense overcast clouds, reason why in this study the center is determined by the best-track center estimates. As described in Pineros et at. (2011) , eight different radii varying from 150 km to 500 km in steps of 50 km were used to calculate the DAV signals, which are smoothed with a single-pole low pass filter (impulse response: e -kt ) of 0.01 π rad/sample cutoff frequency (filter time constant of 100 h). After processing all the samples, the data set is divided into two groups. The first subset is used as a training set to calculate the parametric curve; the second subset tests the wind speed estimator. Fig. 2 shows the two-dimensional histogram of the filtered DAV samples (radius of 250 km) versus the best-track intensity for 40 tropical cyclones during 2007 and 2008. A sigmoid (Eq. 1) is fitted to obtain the parametric curve that describes the relation between the two variables ( Fig. 2 , black curve). Note that the minimum intensity allowed is 25 kt (12.86 m/s) and the maximum is 165 kt (84.9 m/s).  
The intensity estimation is performed by calculating new filtered DAV signals and applying the parametric curve obtained in the training phase.
The development of a tropical cyclone intensity estimator for each ocean basin consists of the following tasks: 1. IR satellelite imagery database contruction 2. DAV signal calculation per TC 3. DAV-Intensity Parametric curve calculation 4. Testing the obtained parametric curve (estimator) with a different data set
The team at the University of Arizona is composed of the following members (italicized members are no longer working on the project):  We have enhanced the tropical cyclone intensity estimator developed for the Atlantic. The procedure does not require strict supervision as the initial version of the algorithm developed in the first year of the project. The new method used best-track storm fixes as the points to compute the DAV signal. We have trained the estimator with the data from the years 2004 to 2009, and tested it with the cases of 2010.  We obtained MTSAT data for use in the western North Pacific basin and developed preprocessing utitilities that allow us to compute the DAV signal.  We have also developed the estimator for the western North Pacific basin utilizing a similar methodology to that in the Atlantic basin. We processed the images of the years 2007 and 2008 to calculate the estimator, and 2009 as a testing set.
RESULTS
The intensity estimator for the Atlantic has been improved from the initial version. The minimum root mean square error (RMSE) is 12 kt for 2010, but values as low as 10.0 kt have been achieved for some historical years. In addition, the estimator has been partially characterized by calculating its performance according to intensity bins and magnitude of vertical wind shear. The main findings are that there is a general bias in the intensity errors that increases in magnitude as the intensity of the TC increases. In the North Atlantic basin, RMSE for tropical storm category is 11 kt, hurricane categories 1-3 is 12.5 kt, category 4 is 18 kt and category 5 is 33 kt. The main reason for such a high error at the high intensity end of the spectrum is a lack of training samples at this level of intensity that results in a parametric curve that is too low. However, the category 5 samples are only 2% of the total and 90% of the samples have an error of 12.5 kt or less.
In the western North Pacific, the RMSE for 12 tropical cyclones during 2009 is 15.7 kt (Fig. 3) . The RMSE is higher for intensities above 64 kt; in particular the error is 19.2 kt for intensities greater than 113 kt. In contrast, for tropical storm intensities the RMSE is 13.75 kt. The RMSE for 80% of the samples is below 10.9 kt and 13 kt for 90% of them. 
IMPACT/APPLICATIONS
To estimate and predict the TC's intensity, forecast centers make use of in-situ measurements that are expensive and not always available. On the other hand, satellite-based imagery provides a key, reliable source of measurements over the data-sparse tropical oceans (e.g., Ritchie et al. 2003) . Several procedures have been developed to estimate the TC's intensity from satellite imagery, among the most known ones are the Dvorak technique (Dvorak 1975) , and the Advanced Dvorak Technique (ADT) developed by Olander and Velden (2007) . Although the first technique is widely used, it is also subjective and produces quite different estimates depending on the operator. The second technique is still being developed and has sensitive technical steps that can affect its performance (e.g. the TC pattern selection), but shows a lot of promise. The technique developed in this research is simple, easy to implement, uses only infrared imagery, has a good performance, does not use pattern classification, and is a completely independent estimate of intensity. For this reason, this technique can enhance the actual TC intensity estimations generated by forecast centers around the world.
TRANSITIONS

National Security
We are working with our NHC partners to transition our product to the forecasters for use in the 2012 Atlantic hurricane season. We are also working with JTWC with hopes of transitioning by the end of 2011.
Quality of Life
Besides the papers published in scientific journals, a website application has been developed at the University of Arizona, which will be executed by and tested by the National Hurricane Center (NHC) and Joint Typhoon Warning Center (JTWC).
Science Education and Communication
The co-PI organized a special symposium at the 2011 AMS Annual Meeting in Seattle focused on communicating information on hurricane science and hurricane forecasting to the public.
